The infection rate varies in the literature, and there are limited descriptive data available. We investigated the characteristics and outcome of PJI following hemiarthroplasty over a 15-year period.
■
Hemiarthroplasty is the most common treatment for elderly patients with displaced femoral neck fractures (Bhandari et al. 2005) . The incidence of prosthetic joint infection (PJI) in hemiarthroplasty after femoral neck fracture varies from 2% to 17% (Ridgeway et al. 2005 , Cumming and Parker 2007 , Merrer et al. 2007 , Garcia-Alvarez et al. 2010 , Bucheit et al. 2015 , and infection rates are consistently higher than after elective total hip arthroplasty (THA; reported to be around 1%) (Phillips et al. 2006 , Kurtz et al. 2008 . PJI can lead to serious deterioration in patients' daily function and quality of life, yet the literature on this subject is limited. The optimal surgical and antimicrobial treatment for PJI after hemiarthroplasty because of fracture is not known, and it may be different from that for PJI following primary THA in elective patients (Lora-Tamayo et al. 2013) .
In early PJI, soft tissue debridement with retention of the prosthesis is an attractive option; the success rate has been reported to be 65-75% (Tsukayama et al. 1996 , Barberan et al. 2006 , Westberg et al. 2012 , del Toro et al. 2014 . In PJI after hemiarthroplasty, however, a lower success rate has been reported (44%) (del Toro et al. 2014) .
In this study, we examined the characteristics and outcome of PJI following hemiarthroplasty due to femoral neck fracture. We also tried to identify possible risk factors for treatment failure.
Patients and methods
Patients who developed PJI after operation with hemiarthroplasty due to femoral neck fracture were identifi ed from 5 consecutive clinical studies on hip fractures conducted at Oslo University Hospital from 1998 through 2012 involving 519 patients (Frihagen et al. 2007a , 2007b , Figved et al. 2009 , Westberg et al. 2013 , Watne et al. 2014 . 3 of the studies were randomized clinical trials using wide inclusion criteriaincluding patients with cognitive failure. The other studies included consecutive patients over a period of time. Demographic data were registered prospectively in all studies. For the present study, additional data regarding PJI were recorded retrospectively from the patient charts. Follow-up was until death, or it ended at the time of data collection (December 2015) .
Data on patient-dependent variables known to be a potential risk for PJI were registered: age, sex, body mass index (BMI), diabetes mellitus, dementia, and ASA score. Preoperative waiting time, prophylactic antibiotic regimen, microbiology results, infection treatment strategy, outcome of PJI treatment, and mortality were also registered. Preoperative waiting time was defi ned as the time from admission to the emergency department until surgery. Treatment success was defi ned as being free of infection at the last control or at the time of death.
PJI was diagnosed according to the Centers for Disease Control (CDC) defi nition of deep incisional surgical site infection (Mangram et al. 1999) . Infections were categorized as early or late, depending on whether the symptoms appeared before or after 4 weeks following the primary surgery (Tsukayama et al. 1996) .
Statistics
Statistical analysis was performed using SPSS version 23. Fisher's exact test was used to compare categorical variables and t-tests were used for continuous variables. Logistic regression analysis was used for adjusted analysis of risk. A significance level of 5% was chosen.
Ethics
All patients were included in studies approved by the regional ethics committee or by the hospital's data protection offi cial for research.
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No competing interests declared.
Results

Patient characteristics
519 patients operated with hemiarthroplasty for a femoral neck fracture were included in the 5 original studies. In these patients, we identifi ed 37 PJIs (6%) ( Table 1) , 34 of which were classifi ed as being early. 3 patients who showed signs of infection within 5 weeks after the index surgery were also included in the analyses.
All patients had received a bipolar cemented hemiarthroplasty using cement with gentamicin. 33 patients received a Charnley stem (DePuy International Ltd., Leeds, UK). Other stems were used in 4 cases. Experienced residents performed all surgeries.
Antibiotic prophylaxis was given to all patients during surgery. Cephalotin (2 g) was given intravenously to 34 patients. 2 patients were given clindamycin (600 mg) due to penicillin allergy and 1 patient was given cefuroxime (1.5 g). Most patients received 4 doses of antibiotics, but 11 of the 37 patients received only 2 or 3 doses. The fi rst dose was given during the recommended interval of 15-60 min before surgery in 11 cases. In 25 of 37 patients, the prophylaxis was not administered within the recommended time limits. 18 patients received the fi rst dose 0-15 min before the start of surgery and 7 patients received the fi rst dose after the surgery had started. Data on antibiotic prophylaxis were missing for 1 patient.
Treatment
All but 2 infections (35 of 37) were treated with soft tissue debridement and retention of the implant (Figure 1 ). Median time between index surgery and fi rst reoperation for infection was 18 days (range: 8-42), while the median time from fi rst sign of infection until reoperation was 3 days (range: 0-12). The mean duration of symptoms was 3.6 days in the success group and 2.6 days in the failure group (p = 0.3). The soft tissue revisions were performed by excision of the wound margins, removal of necrotic tissue and debris, and then saline lavage. The modular components were changed, and either gentamicin chains or gentamicin-containing collagen sponges were placed in the joint before closing. In 2 cases, the modular components were not replaced in the primary soft tissue revision. An intravenous antibiotic regimen with cloxacillinalone or in combination with vancomycin-was given until the microbiological fi ndings were known.
Antibiotic therapy was not standardized and was given according to the microbiological fi ndings. In 3 patients with Staphylococcus aureus infections, a rifampicin combination regimen was given.
4 patients were given life-long suppression antibiotic therapy after 1 (n = 2) or 2 (n = 2) soft tissue revisions. Outcome 20 of the 37 patients were free of infection at the last follow-up. Of the 35 patients who were treated with soft tissue debridement and retention of the implant, 15 became free of infection with the arthroplasty in place. This included 2 patients who needed a second debridement. 6 of 8 patients who were treated with resection arthroplasty after an unsuccessful soft tissue revision died during the period of antibiotic treatment. 12 resection arthroplasties were performed, and 5 of these patients became free of infection ( Figure 1 ). We found a 1-year mortality rate of 15/37. There was a statistically signifi cant association between treatment failure and one-year mortality (12/17 in the failure group vs. 3/20 in the infection free group (RR = 5, 95% CI: 2-14; p = 0.001)). In a bivariate analysis, increasing age, treatment failure, and polymicrobial infection were found to be statistically signifi cant risk factors for 1-year mortality. In a logistic regression analysis, these factors remained statistically signifi cant, but with wide confi dence intervals (Table 2) .
We found similar rates of treatment success in the different time periods (1998-2002: 7/12; 2003-2007: 4/9; 2008-2012: 9/16 ; p = 0.8).
Microbiology
Polymicrobial infection and single-microbe infection with
Staphylococcus aureus were the most common fi ndings, each accounting for 38% (Table 3) . Only 2 of the polymicrobial infections were identical regarding culture results. Enterococcus spp. was found in 8 of 14 polymicrobial PJIs (Table 4) . Staphylococcus aureus was the most frequently isolated microorganism altogether, occurring in 23 hips, followed by Staphylococcus epidermidis in 16 hips. 10 of 16 of the S. epidermidis isolates were methicillin-resistant (MRSE). Gram-negative microorganisms were found in 5 hips. We did not fi nd any cases with methicillin-resistant Staphylococcus aureus (MRSA).
In 14 of the infections, 1 or more of the bacterial strains were gentamicin-resistant. All of the Staphylococcus aureus strains were sensitive to gentamicin, but a large proportion of the Staphylococcus epidermidis strains (3/6) and Enterococcus spp. strains (4/9), and almost all of the MRSE strains Figure1. Flow chart of treatment and outcome in 37 hips with early PJI. (8/10) were gentamicin-resistant. There was no association between gentamicin resistance and outcome of infection. There were more failures in the polymicrobial infections than in single-microbe infections, but the difference was not statistically signifi cant (9/14 vs. 8/23, p = 0.08). The polymicrobial group had a higher 1-year mortality rate than the patients with single-microbe PJIs: 9/14 vs. 6/23, respectively (RR = 3, 95% CI: 1.1-5.4; p = 0.02). We did not fi nd that the presence of 1 specifi c microbe was associated with treatment failure.
Late infections
In addition to the 37 early PJIs described, we identifi ed 2 patients with late infection occurring after 0.3 and 2 years, respectively. Both were polymicrobial infections, 1 with S. epidermidis/streptococci and 1 with MRSE/Corynebacterium spp. The fi rst patient was initially treated with antibiotics, and then successfully with a one-stage revision. The other patient had 2 soft tissue revisions, followed by a resection arthroplasty. This patient required life-long antibiotics and had persistent signs of infection until she died.
Discussion
In this study of 519 hip-fracture patients, 39 (6%) developed PJI. The 1-year mortality rate was 41%, and we found an association between 1-year mortality and treatment failure. The antimicrobial prophylaxis was inadequately administered in surprisingly many cases (25 of 37 patients).
The baseline characteristics regarding age, sex, BMI, dementia, and diabetes in the study group appear to be rather similar to those in the general population of patients with femoral neck fracture. But the numbers with ASA score III/IV (two-thirds) was slightly higher in this material than has been reported in uninfected patients in the original studies, ranging from 53% to 61% (Frihagen et al. 2007a , 2007b , Figved et al. 2009 , Westberg et al. 2013 , Watne et al. 2014 ). We did not fi nd that a higher ASA score was a predictor of treatment failure, even though increasing comorbidity has been reported to be a risk factor for development of PJI (Ridgeway et al. 2005) .
According to the literature, antibiotic prophylaxis should be given 15-60 min prior to incision to ensure high concentrations of antibiotics in the tissue during surgery (Stéfansdóttir et al. 2009a , Swierstra et al. 2011 . It is not unlikely that delayed prophylaxis had an impact on the PJI rate in our material, but as we had no control group, we cannot verify this. Inadequate timing of prophylaxis has also been described by others. In a study from the Swedish Knee Arthroplasty Register, only 57% of the patients had adequate timing of the prophylaxis (Stéfansdóttir et al. 2009a) . A formal verbal surgical checklist ("safe surgery") has now been implemented, and we believe that this will ensure a more correct antibiotic administration (Haynes et al. 2009 ).
The infection rate varied over the years, with a mean of 6% for the whole period. This is in line with other reports (Ridgeway et al. 2005 , Cumming and Parker 2007 , Merrer et al. 2007 , Garcia-Alvarez et al. 2010 , Buchheit et al. 2015 . We found an increased number of PJIs in the period [2008] [2009] . The study performed in this time period included a consecutive series of patients, while in 3 of the other studies patients were included in randomized clinical trials and selected by stricter inclusion criteria. Patients with ongoing infectious diseases, known arthritis, or unable to walk, were excludedas well as young patients. Patients with a higher risk of PJI could therefore have been excluded. However, even though the peak incidence of PJI may have been due to a wider inclusion of patients, we believe that the peak incidence represents a normal variation over time.
Treatment
The success rate of soft tissue debridement and retention of the implant was poor (15/35). Similar results have also been reported by others (44%) (del Toro et al. 2014 ). Studies conducted on patients with PJI following elective primary THA have shown better results (65-75%) (Tsukayama et al. 1996 , Barberan et al. 2006 , Westberg et al. 2012 , del Toro et al. 2014 . Lora-Tamayo et al. (2013) found that infected THA and infected hemiarthroplasties had different characteristics, but they reported a success rate of 63% in hemiarthroplasty PJIs. In that series, uncemented implants were extensively used, and the implant was changed in addition to the soft tissue debridement. This may explain the better results.
Several factors may have an infl uence on the difference between THA and hemiarthroplasty PJIs. The patients with hemiarthroplasty are older, often frail, and have more comorbidities. The hemiarthroplasty is performed acutely with no room for selection of patients or for optimizing underlying diseases. Frailty is a known risk factor for surgical complications, and reduces the capacity to handle the trauma that a fracture, an operation, or an infection represents (Saxton and Velanovich 2011, Partridge et al. 2012) . Lastly, the microbiology in hemiarthroplasty PJIs appears to be different, with a higher rate of microbes associated with treatment failure.
While the literature describes an association between short duration of symptoms and success of treatment (Triantafyllopoulos et al. 2015) , we found no such association.
Resection arthroplasty was performed in one-third of our patients. There is very little literature on resection arthroplasty in hemiarthroplasty PJI, but Blomfeldt et al. (2015) have reported 11 resection arthroplasties out of 22 PJIs in primary hemiarthroplasty following hip fracture. Resection arthroplasty has been associated with good infection control, yet in our material we found that only 5 of 12 became free of infection. This could be explained by the fact that 6 patients died during the treatment period, and therefore had an uncertain infection status. Furthermore, the characteristics of patients in our material-with elderly patients with several comorbidities-differ from those of patients who are electively operated for a degenerative hip disorder. But, even if a resection arthroplasty leads to successful infection control, it is a poor solution with pain, limited mobility, hip instability, and limb shortening.
Mortality
The overall 1-year mortality rate in patients treated with hemiarthroplasty after femoral neck fracture in the 5 original studies was 19-26%. The mortality rate in the current study was almost double that. A higher mortality rate in these patients is not unexpected, and the literature describes 1-year mortality rates of 50% in patients with PJI following hemiarthroplasty (Edwards et al. 2008) . Possible explanations could be the frailty of the patients, systemic spread of infection, chronic low-grade infection, and longer in-hospital time with increased risk of nosocomial infections and complications due to immobility.
Microbiology
We found a higher rate of polymicrobial infections than has been reported in other studies (4-37%) (Marculescu and Cantey 2008) . However, Wimmer et al. (2015) reported fi ndings similar to ours in patients with PJI after THA. They also proposed that polymicrobial infections are under-reported in the literature, a suggestion that is supported by our results.
Polymicrobial infections are associated with varying treatment success. Wimmer et al. (2015) found an association between polymicrobial infections and treatment failure. Marculescu and Cantey (2008) found a lower, albeit not statistically signifi cant, success rate in polymicrobial infections. This corresponds well with our fi ndings. Furthermore, a high number of the polymicrobial infections were positive for Enterococcus spp. Enterococcal PJIs are associated with poorer treatment results (Rasouli et al. 2012 ).
Gram-negative bacteria are rarely reported to cause PJI in THA (Zimmerli et al. 2004 ). In Zimmerli's material, Gramnegative strains were isolated in 5 of 37 infections. We did not fi nd any cultures positive for MRSA, a fi nding that corresponds well with the low prevalence of MRSA in Norway (Elstrom et al. 2012) .
Gentamicin resistance was found in a large proportion of the infections, especially among the MRSE strains. Lutro et al. (2014) reported 70% methicillin resistance among coagulase negative staphylococci, increasing with time in PJIs reported to the Norwegian Arthroplasty Registry between 1993 and 2007. This has also been reported in several previous studies on PJI (Moran et al. 2007 , Sharma et al. 2008 , Stéfansdóttir et al. 2009b , Malhas et al. 2014 . Adding gentamicin to the bone cement has been shown to reduce the risk of revision of THA due to infection (Engesaeter et al. 2003) , but this may also have contributed to selection of resistant bacteria. No strains of Staphylococcus aureus were gentamicin-resistant, which correlates with very low reported gentamicin resistance in Staphylococcus aureus strains from wound lesions and bacteremia reported to the Norwegian Surveillance System for Antimicrobial Drug Resistance (NORM, Annual report 2015). We did not fi nd that this resistance pattern affected the treatment results, though.
Cephalotin is a commonly used prophylactic antibiotic in prosthetic surgery, and it is the recommended prophylaxis in Norway (Engesaeter et al. 2003) . The high number of PJIs caused by MRSE, Gram-negatives, and Enterococus spp. in this 14-year cohort is worrisome, as they are not covered by the current prophylaxis. Different antibiotic regimens have been studied to prevent surgical site infections, especially in regions with a high prevalence of MRSA. Both dual prophylaxis containing cefuroxime and teicoplanin, and vancomycin-based regimens have been studied (Soriano et al. 2006 , Meehan et al. 2009 , Capdevila et al. 2016 . There is still no consensus, though.
Strengths and weaknesses
First, this was a single-center study, which leads to the possibility of uncontrolled selection bias. The fact that all patients were included in earlier studies gives both strengths and limitations. The patients were followed closely over a longer period of time, and it is therefore likely that most complications were discovered. Most of the data were registered prospectively during the study period, but the additional data specifi c for PJI were collected retrospectively from the patient charts, possibly leading to uncertainty in the data. The material had a size that would limit statistical strength. Nevertheless, our study had a rather large patient material compared to other reports on hemiarthroplasty PJI.
In conclusion, PJI in elderly patients operated with hemiarthroplasty for a femoral neck fracture is a serious complication with a devastating outcome. The etiology and prognosis appear to be different from PJI after primary THA. Our fi nd-ings suggest that different prophylaxis and treatment algorithms may be needed for patients who are to be treated with hemiarthroplasty for hip arthroplasty.
